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Abstract
Backgraound: An occult pneumothorax is a pneumothorax that is not seen on a supine chest X-ray but is detected
by computed tomography scanning. However, critical patients are difficult to transport to the computed tomography
suite. We previously reported a method to detect occult pneumothorax using oblique chest radiography (OXR). Several
authors have also reported that ultrasonography is an effective technique for detecting occult pneumothorax. The aim
of this study was to evaluate the usefulness of OXR in the diagnosis of the occult pneumothorax and to compare OXR
with ultrasonography.
Methods: All consecutive blunt chest trauma patients with clinically suspected pneumothorax on arrival at the
emergency department were prospectively included at our tertiary-care center. The patients underwent OXR and
ultrasonography, and underwent computed tomography scans as the gold standard. Occult pneumothorax size on
computed tomography was classified as minuscule, anterior, or anterolateral.
Results: One hundred and fifty-nine patients were enrolled. Of the 70 occult pneumothoraces found in the 318
thoraces, 19 were minuscule, 32 were anterior, and 19 were anterolateral. The sensitivity and specificity of OXR for
detecting occult pneumothorax was 61.4 % and 99.2 %, respectively. The sensitivity and specificity of lung
ultrasonography was 62.9 % and 98.8 %, respectively. Among 27 occult pneumothoraces that could not be
detected by OXR, 16 were minuscule and 21 could be conservatively managed without thoracostomy.
Conclusion: OXR appears to be as good method as lung ultrasonography in the detection of large occult
pneumothorax. In trauma patients who are difficult to transfer to computed tomography scan, OXR may be
effective at detecting occult pneumothorax with a risk of progression.
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Background
A traumatic pneumothorax is a common chest injury in
which preventable trauma death can occur if appropriate
treatment is delayed. The standard anteroposterior
supine radiograph (APXR) is the recommended modality
to evaluate trauma patients according to the Advanced
Trauma Life Support Course guidelines [1]. However,
the APXR fails to diagnose a significant proportion of
pneumothoraces in this situation. A pneumothorax iden-
tified on a computed tomography (CT) scan that was not
seen on a preceding supine APXR is termed an “occult
pneumothorax” (OPX) [2]. As CT scans are now fre-
quently used to evaluate trauma patients as part of initial
management, OPXs can be detected more easily. OPXs
account for an astonishingly high 52 to 63 % of all trau-
matic pneumothoraces [3–5]. OPXs may become life
threatening if tension develops, especially in patients
receiving mechanical ventilation [6, 7]. Therefore, CT
scans should be performed as soon as practicable. It is of
note that CT scans are not always performed on patients
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in severe states of shocks and those in undeveloped
countries.
Several studies have reported that lung ultrasonography
(US) is an effective new and sensitive technique to evalu-
ate chest trauma [3, 8–12]. However, lung US is operator
dependent and operators need to learn the technique. We
reported a method to detect OPX with oblique chest
radiograph (OXR) without a CT scan or lung US [13]
(Figs. 1 and 2). This method is simple, quick, and easily
interpreted by anyone, including non-emergency, non-
trauma physicians. However, the diagnostic accuracy of
OXR for detecting OPX has not yet been evaluated. The
aim of this study was to evaluate the usefulness of OXR in
the diagnosis of OPX.
Patients & methods
Study design and clinical management
We conducted a prospective, noninferiority study at our
emergency department in Saiseikai Yokohamashi Tobu
Hospital, a tertiary-care center, from 1 January 2010 to
31 December 2014. All consecutive blunt trauma pa-
tients 18 years or older clinically suspected of OPX on
arrival at the emergency department were included in
this study. Clinical findings suggestive of OPX were at
least one of the following conditions: (1) radiographic
abnormality without overt pneumothorax finding on
APXR (rib fracture, permeability decay of lung field) or
(2) physical abnormalities (chest pain, bruise, subcutane-
ous emphysema). Exclusion criteria were overt pneumo-
thorax, patients requiring immediate invasive interventions,
transferred from another hospital, age younger than 18
years, refractory shock, cardiac arrest.
In accordance with ATLS guidelines, all patients had
an examination and underwent APRX immediately upon
admission. If the criteria were met, patients underwent
OXR and lung US in the supine position in the emer-
gency department, and underwent CT scans as soon as
possible. OXR and lung US were performed on the
bilateral-lung field as part of the routine method. In
these patients, CT scans were considered the gold stand-
ard and were analyzed together with OXR and lung US.
The decision to insert a chest tube for OPX was made
on a case-by-case basis after a review of the images and
clinical findings by attending physicians. There was no
specific algorithm. This study was approved by our Insti-
tutional Scientific Board.
Diagnosis of pneumothorax by imaging test
All OXR was performed using mobile X-ray equipment
(IME-200A, Toshiba, Tokyo, Japan) before lung US and
CT scan were performed. A portable film cassette was
set at 45 ° against a horizontal line in suspected hemi-
thorax. The X-ray beams were sent vertically against the
cassette over the pleural interface (Fig. 1). OXR criteria
for a diagnosis of pneumothorax included a distinct vis-
ceral pleural line away from the chest wall. OXR was
interpreted by an emergency radiologist (F.T.) without
knowledge of other information and delineated the pres-
ence of pneumothorax.
All lung US examinations were performed by attending
consultant emergency physicians (M.S., T.K., T.O. and
S.M.) who were board-certified in Japanese Association
for Acute Medicine and trained in lung US. Theydeli-
neated the presence of pneumothorax at the time of
examination, without prior knowledge of OXR findings. A
lung US imaging unit (Viamo™, Toshiba, Tokyo, Japan)
with a 3.5 MHz convex probe was used. Pleural interfaces
were examined at the second to fourth intercostal spaces
anteriorly and the sixth to eighth spaces in the midaxillary
line. Lung US diagnosis of pneumothorax was based on
the previously described scanning technique (disappear-
ance of sliding signs and loss of comet-tail artifacts at the
pleural interface) [9, 12, 14], and was not assessed with
Doppler function.
All CT scans were performed with 64 multidetector CT
scanners (Aquilion CT scanner, Toshiba, Tokyo, Japan).
Immediately after emergency department resuscitation,
thoracic CT scans were performed with contiguous 2 mm
axial sections from the apicothorax to the symphysis
pubis. The presence of pneumothorax on CT scans was
judged by a supervised attending physician. Final dictated
reports were reviewed by the first author (M.S.) and com-
pared with other imaging tests. OPX size on CT was
a b
Fig. 1 a We previously reported a method to detect occult pneumothoraces by supine oblique chest radiography (OXR) without a CT
scan. b X-ray beam is projected onto a film by this OXR method
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classified according to the previous report by Wolfman
et al. as minuscule, anterior, or anterolateral [15] (Fig. 3).
Statistical analyses
All statistical analyses were performed using SPSS for Win-
dows version 15.0 (SPSS Inc., Chicago, IL, USA). Analysis
was made using the chi-squared test and Fisher’s exact test
as appropriate. The performance of lung US and OXR for
the detection of pneumothorax was compared to CT scans
as the gold standard. The diagnostic sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), and accuracy for US and OXR were calculated
using standard formulas. A value of p < 0.05 was considered
statistically significant. The agreement between lung US
and OXR was assessed using the k coefficient, which gauges
whether the agreement is better than would occur by
chance alone; a k value of 1 indicates perfect agreement.
Results
Patients suspected of occult pneumothorax
One hundred and fifty-nine patients were met the
study criteria. During this study, a total of 3460
trauma patients attended the emergency department
and 137 patients were diagnosed with traumatic
pneumothorax. From this subset, 71 patients with
traumatic pneumothorax were excluded owing to no
suspicion of OPX by the attending physician, cardio-
pulmonary arrest or overt pneumothorax. The 159
patients underwent OXR, lung US, and CT and were
included in the analysis. Of these patients, age 18
years to 99 years (median = 49.6 years), 110 (69.2 %)
were men. These patients suffered from traffic acci-
dents (71.5 %), falls (20 %), and others (8.5 %). There
were 19 patients (11.9 %) who received mechanical
ventilation. The average injury score was 14 ± 9.8.
a b
c d
Fig. 2 A typical case of occult pneumothorax diagnosed by OXR. This 58-year-old woman was involved in a head-on car accident and arrived
with dyspnea, right chest pain. a Anteroposterior supine radiograph shows no abnormality. b OXR on the right clearly reveals a distinct visceral
pleural line (arrowheads). c CT scan proves the existence of an occult pneumothorax on the right side. d Supine oblique chest radiographs could
be easily performed in a trauma resuscitation area
Fig. 3 Occult pneumothorax size on CT scan classification by Wolfman et al. [15]. Minuscule pneumothorax is defined as a thin collection of air
up to 1 cm thick in the greatest slice and seen on no more than 4 cm length. Anterior pneumothorax is categorized as a collection of pleural air
more than 1 cm thick, located anteriorly, not extending to the mid-coronal line, and which may be seen on 4 cm or more length. Anterolateral
pneumothorax is defined as pleural air extending to the mid-coronal line at least
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OPX diagnosed by CT gold standard and clinical
management
According to the gold standard, OPX was present in 70
of these 318 thoraces (i.e., 159 patients enrolled × 2)
(22.2 %). OPX involved the right side in 34 patients
(52.5 %), the left side in 28 patients (42.6 %), and bilat-
eral sides in 4 patients (4.9 %). Of the 70 OPXs, 19 were
minuscule, 32 were anterior, and 19 were anterolateral.
Of the 70 OPXs, 49 (70.0 %) were observed for stable
cardiopulmonary condition. Sixteen OPXs underwent
chest tube insertion at the time of initial care because of
dyspnea, unstable condition, and disturbance of con-
sciousness. In observed 54 OPXs, 16 (29.6 %) required a
subsequent chest tube (11 of which were for progression
of pneumothorax, 5 for progression of hemothorax).
With a larger OPX size, the need for a chest tube in-
creased significantly (p < 0.001). Viewed in terms of size
(minuscule, anterior, and anterolateral) of OPX, the final
chest tube insertion rate was 10.5 %, 40.6 %, and 89.5 %,
respectively.
Comparative OPX and lung US performance
Table 1 shows the sensitivity, specificity, PPV, NPV, and
accuracy for each diagnostic method. Both methods have
high specificity for OPX diagnosis but low sensitivity.
There was no significant difference between the accuracies
of the two methods in terms of OPX diagnosis (p = 0.88).
The agreement between the two methods for OPX diag-
nosis was 93.3 % (k = 0.804, p < 0.001). Of the 318 thoraces
evaluated, OXR showed a true positive result for the
detection of OPXs in 43 (12.8 %), a false positive in two
(0.6 %), a true negative in 246 (73.2 %), and a false negative
in 27 (11.9 %). Among 43 OPXs that could be detected by
OXR, 26 (61.0 %) needed tube thoracostomy. Of these 27
false negative thoraces by OXR, 16 (69.6 %) were minus-
cule and 21 (77.8 %) could be conservatively managed
without tube thoracostomy. In the remaining six patients,
conservative management failed (three for progression of
hemothorax) and required a subsequent chest tube. Two
false positive thorax by OXR was suspected to be due to
the overlap of a large breast or skin (Fig. 4). The perform-
ance of lung US showed very similar findings to OXR.
Lung US showed a true positive result for the detection of
OPXs in 44 (13.8 %), a false positive in three (1 %), a true
negative in 245 (77.0 %), and a false negative in 26 (8.2 %).
These three false positive lung US patients had a history
of tuberculous pleuritis.
Table 2 shows the sensitivity when viewed in terms of
size of OPX for each diagnostic method. With a decrease
in the size of the OPX, the sensitivity of both methods
decreased significantly (p < 0.001). There was no signifi-
cant difference in OPX size sensitivity between the two
methods of OPX diagnosis.
Discussion
The currently reported incidence of OPX is between 2
and 8 % of all blunt trauma victims. The incidence of
OPX among all traumatic pneumothoraces was between
52 and 72 % [3–5, 16–18]. Although pneumothorax has
a high incidence in victims of major trauma, up to 76 %
of all pneumothoraces may be occult to APXR inter-
preted by attending trauma teams in real time [19]. It
was reported that most OPXs can be closely observed
without a chest tube, even with positive pressure ventila-
tion [20–22]. However, there are some OPXs that be-
come worse as tension develops [15, 16, 23, 24]. Also,
multiple traumas with high injury severity scores (ISSs)
have been associated with failed observation [25, 26]. In
this study, 15 of 66 patients with OPX were managed
with immediate tube thoracostomy. Of the 51 patients
who underwent observation, 16 (31.3 %) required subse-
quent chest tube insertion. Therefore, it is important
that the early recognition of OPX can predict the devel-
opment of tension, for which patients should be moni-
tored and readied for chest tube insertion. CT scans
detect OPX easily, but it is difficult for unstable patients
to undergo a CT scan and most of these severe patients
need positive pressure ventilation, which may pose a risk
for progression. CT scans have the disadvantages of high
cost and high doses of radiation. It is hoped that a sim-
ple method other than a CT scan or an US test for de-
tecting OPX will attract attention.
To the best of our knowledge, this is the first study of
supine OXR to detect OPX. In the primary care of
trauma victims, patient movement is restricted by back-
boards. Upright chest radiography (CXR) is infrequently
performed in the trauma bay, secondary to consider-
ations for patient safety, especially regarding potential
spine trauma and pelvic fracture. Because intrapleural
air migrates into the anterior region of the pleural space
(the most nondependent area) in the supine position
[27], a small pneumothorax will not appear with APRX
Table 1 Performance of oblique chest radiography compared
with lung ultrasonography in 158 patients with trauma
Parameter Oblique x-ray Lung US
Sensitivity (%) 61.4 62.9
(0.56–0.64) (0.57–0.66)
Specificity (%) 99.2 98.8
(0.98–1.00) (0.97–1.00)
Positive predictive value (%) 95.6 93.6
(0.86–0.99) (0.84–0.98)
Negative predictive value (%) 90.1 90.4
(0.87–0.91) (0.89–0.91)
Accuracy (%) 90.9 90.9
(0.88–0.92) (0.88–0.92)
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as the typical apicolateral pleural line is surrounded by
intrapleural air. This means that the interface between
the pneumothorax and the underlying lung is perpen-
dicular, not parallel, to the incident x-ray beam, and can-
not be easily seen. However, the x-ray beams produced
by OXR could be parallel to the interface. The distribu-
tion of the intrapleural air is suitable for lung US test.
In this study, the x-ray beams of OXR were sent at 45 °
against the horizontal line. It is not certain that this angle
is suitable. If the angle is close to horizontal, OXR may be
able to detect smaller OPX. However, if the angle is
extremely horizontal, the sternum or the other lung that
overlaps an injured thorax may prevent the detection of
OXR. As we considered smaller OPX to not be problem-
atic and as the number was memorable, we defined the
angle as 45 ° [13, 15].
In this study, both OXR and lung US were superior
for detecting large OPXs. Other papers have reported
the utility of lung US [3, 8–11]. The sensitivity in our
study was lower than these previous papers. It is because
there was difference in the indication criteria. Our study
criteria excluded overt pneumothoraces unlike previous
reports. We think that it is less important to reveal overt
pneumothorax using lung US because it can be found
clearly on APXR which is essential examination in pri-
mary care. Furtheremore, these previous studies were
performed in far fewer centers and raised the possibility
of substantial bias for individual examiners. Also, these
US examiners included emergency physicians, trauma sur-
geons, surgical residents, and radiologist. In this study, all
US examinations were performed by physicians who were
trained in lung US, because not all staff were able to attain
basic familiarity with lung US. Kirkpatrick and colleagues
reported that US examination for detecting pneumothorax
is relatively easy and the examination can be quickly
learned [3]. However, there did not appear to be a learning
curve over the duration of the study or differences in
examiner accuracy. A good training system is essential for
improving and maintaining the accuracy of US by emer-
gency physicians and surgeons in clinical practice [28].
Although US is operator dependent, the practice and
reading of OXR is simpler and easier.
In this study, the false positives of US for pneumothorax
may stem from pleural adhesion with tuberculous pleuritis
that were blocking lung sliding. A judgment of pneumo-
thorax by US requires attention in Japan and developing
countries where tuberculosis is more common compared
to Western countries. Chest tube insertion for a patient
with pleural adhesion is dangerous, especially using the
Seldinger technique. Other causes of absent sliding signs
include lung contusion, chronic obstructive pulmonary
disease, a giant bulla, unilateral intubation, fibroid lung,
and atelectasis lung [10, 14, 29, 30]. Subcutaneous emphy-
sema is a finding suggestive of pneumothorax; however, it
may produce comet-tail artifacts that have the potential of
causing false negative. OXR had high specificity, however,
there was two false positive case in this study. The positive
finding of OXR is a collapsed lung surface (visceral pleural
line) visible on X-rays. In the false positive case, a large
breast was visualized by mimicking the visceral pleural
line. When this false positive image of OXR was retro-
spectively evaluated, we could detect the presence of the
lung marking distal to the false visceral pleural line.
Therefore, it is important to evaluate not only the pleural
visceral line but also the presence of lung marking. The
majority of false negative cases of both US and OXR were
minuscule pneumothorax. It is difficult to detect minus-
cule pneumothorax; however, this may be of low import-
ance because most patients do not require thoracostomy.
It is important to indicate what type of patient OXR is
suitable for. US is rapidly feasible following focused as-
sessment with sonography for trauma (FAST). This is
Fig. 4 False positive case of OXR. The overlap of a large breast causes a false positive. This look like a pleural visceral line on OXR
(black arrowhead)
Table 2 Sensitivity for detecting occult pneumothorax of
oblique chest radiograph vs. lung ultrasonography viewed in
terms of size of occult pneumothorax
Occult pneumothorax size (n = 70)
Minuscule Anterior Anterolateral
n = 19 n = 32 n = 19
Oblique X-ray sensitivity (%) 15.8 68.8 94.7
Lung US sensitivity (%) 10.5 75.0 94.7
p 0.63 0.59 1.0
Need for chest tube (%) 10.5 40.6 89.5
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why lung US is called “Extended FAST” [3]. In this
study, the majority of cases using both US and OXR
could be performed within 3 min. OXR may be more
laborious than US. Although OXR has a small radio-
logical exposure compared to CT scans, patients using
OXR are modestly irradiated. Therefore, it is better to
limit use to patients at risk of OPX. Unfortunately, there
are few useful clinical markers to predict OPX early in
the resuscitation of trauma patients. Although the deep
sulcus sign and the double diaphragm sign are APXR
findings that suggest OPX, they lack credibility [18].
OXR may be useful to verify these subtle radiographic
findings. Ball and colleagues reported that subcutaneous
emphysema, pulmonary contusion, rib fractures, and fe-
male sex were independent predictors of OPX [31].
However, in a subsequent prospective study, they re-
ported that only subcutaneous emphysema remained in-
dependently predictive of OPX [19]. There are many
patients with OPX who do not have these findings. The in-
cidence of OPX using this study’s criteria is high (33.0 %),
and they may be good criteria for OXR. Unfortunately, the
incidence of OPX without this study criteria is unclear. As
such, further studies are needed in order to determine the
indication for OXR. In reality, there may be little chance to
use OXR, because the majority of trauma centers in
advanced countries have US and CT. We recommend the
use of OXR when CT is unusable, for example, 1) in hospi-
tals without CT or US devices, 2) in patients in which OPX
is suspected by physiological and radiological findings, 3) in
emergency operation rooms and intensive care units with
hemodynamically unstable patients, 4) where there is no
confidence in US findings, or 5) before air transport in large
fires. Our study has several limitations. First, the number of
patients with OPX was small and a selection bias may have
occurred because our entry criteria insufficiently covered all
cases of OPX in the emergency department Second, this
study did not take into account the reproducibility or inter-
reader agreement of diagnostic images. It appears that
inter-reader variability exists for US aside from OXR.
Third, the assessment of chest tube insertion was per-
formed by the patient’s attending physician. It is difficult
to decide whether chest tube insertion is necessary or not.
Additionally, attending physicians may consistently
overrate the necessity of chest tube in cases of anterolat-
eral OPX, because it is a notable finding.
Conclusion
OXR and lung US are good tools for the diagnosis of
OPX. Furthermore, the detectability of OPX by OXR
may eliminate the need for an immediate tube thoracost-
omy. OXR is simple and effective in trauma patients
who are difficult to transfer to CT scan. Although there
are several methods to detect OPX, each has its distinct-
ive characteristics, advantages, and disadvantages. The
methods that best meet the needs of the situation of
trauma management should be chosen.
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